SUMMARY Amino acid induced acid and gastrin responses during intragastric titration at pH 2-5 and 5.5 were compared in normal subjects and duodenal ulcer patients with G-cell hyperfunction.
The latter were identified on the basis of raised basal or maximal acid outputs and increased gastrin responses to feeding. In normal subjects the mixed amino acid meal stimulated only modest increases in serum gastrin, and the highest observed increase was about 30% that after a standard meal. In contrast, in the G-cell hyperfunction group the highest gastrin concentrations were similar to those after a standard meal. In the G-cell hyperfunction group the increment in serum gastrin at pH 2.5 expressed as a proportion of that at pH 5*5 was 029 indicating that the capacity of acid to inhibit gastrin release was well established in these patients. Acid secretory rates were close to maximal at both pH 2-5 and 5-5 during intragastric titration in the ulcer patients, but in normal subjects acid output was about 50% maximal at 2*5 and close to maximal at 5*5. The results suggest that the enhanced gastrin response to feeding in G-cell hyperfunction patients is because of increased sensitivity to amino acid stimulation rather than to diminished acid-inhibitory mechanisms.
Duodenal ulcer is likely to be a common end result of a heterogeneous group of disorders. Subgroups of duodenal ulcer patients have been identified on the basis of genetic, epidemiological, pathophysiological, and immunological criteria. 1-3 One such subgroup includes patients with hypergastrinaemia and acid hypersecretion.6 In at least a proportion of these patients, first degree relatives also show increased gastrin responses to feeding and raised serum pepsinogen (which is directly related to maximal acid output).6 We found that antral gastrin concentrations and G-cell numbers were normal in two patients belonging to this group, suggesting that the raised serum gastrin was because of G-cell hyperfunction, rather than hyperplasia.6 Acid normally inhibits gastrin release so that the combination of increased acid output and raised serum gastrin is inappropriate. There is evidence that in duodenal ulcer patients the mechanisms of acid-inhibition of gastrin release may be defective7 serum gastrin in patients with G-cell hyperfunction. It is also possible, however, that the G-cells in the latter patients are more sensitive to stimulation. In the present series of experiments we have examined these possibilities by comparing the gastrin and acid secretory responses with intragastric instillation of a mixture of amino acids in normal and G-cell hyperfunction patients; the technique of intragastric titration8 was used to maintain a constant gastric pH at either 2-5 or 5*5, so that the effects of acid inhibition could be directly examined. The results do not support the idea of impaired acid inhibition of gastrin release in the G-cell hyperfunction group, but instead point to increased sensitivity of the G-cell to amino acid stimulation.
Methods

PATIENTS
Five patients (four men, one woman, Table) with G-cell hyperfunction were identified among a group of patients with endoscopically proven duodenal ulcer. The criteria for inclusion in the G-cell hyperfunction group were as follows: (a) basal 232 
Results
Gastrin responses to the intragastric instillation of amino acids were significantly greater in the ulcer compared with the control group at all times (p<0-05). In the normal subjects, the increase in serum gastrin was significantly greater than basal (p<005) only during titration at pH 5-5 when it amounted to about 25% of the response to a standard meal (Fig. 1) . In contrast, in the G-cell hyperfunction group the increase in serum gastrin was significant at both pH 2-5 and 5 5. At the lower pH the increase was 30% of the response to a standard meal, and at pH 5 5 the increase in serum gastrin was 112% that in the same subjects after a standard meal. When the gastrin response at pH 5 5 was expressed as a proportion of that to the standard meal the difference between the two groups was statistically significant at all times (p<005). An index of the inhibitory effects of acid on gastrin release may be obtained from the ratio of responses at pH 2 5 and 5 5 (taking the response as the mean of the last three 10 minute periods at each pH). In the G-cell hyperfunction group the increment in serum gastrin at pH 2 5 was 0 29±0 076 that at pH 5.5.
Intragastric instillation of amino acids stimulated acid secretion in all subjects. The acid secretion in the G-cell hyperfunction group was significantly greater than in the control subjects at all times (p<0O05). In the normal group the highest rate of secretion at pH 2-5 (mean of the two consecutive highest 10 minute periods) was 62±12% of maximal acid output to pentagastrin; at 5-5 the highest rate of secretion was 135±36% of the maximal acid output (Fig. 2) (p<005). In the G-cell hyperfunction group the highest rate of acid secretion at pH 2 5 was 124±18% of maximal acid secretion following pentagastrin (Fig. 2) , and at pH 5 5 it was 142±11%; these values were not significantly diffeirent.
Discusion
The existence of a subpopulation of duodenal ulcer patients with raised acid output and exaggerated plasma gastrin responses to feeding has been recognised for some time.4--6 The circulating gastrin is primarily of antral origin as antrectomy reduces the gastrin response to feeding.4 6 The term G-cell hyperfunction offers a convenient operational definition for this group of patients; although it is possible that some of these patients may have G-cell hyperplasia, 1W others have a normal density of G-cells.6 Acid normally inhibits gastrin release and a failure of this mechanism would obviously account for the hypergastrinaemia in G-cell hyperfunction. In the present study we examined this possibility by comparing gastrin responses in normal and G-cell hyperfunction patients during intragastric instillation of amino acids when pH was maintained constant at 2-5 or 5-5 by addition of sodium bicarbonate. The results do not support the idea that there is a defective acid inhibitory mechanism in G-cell hyperfunction patients, but instead they suggest that gastrin cells might be particularly sensitive to certain modes of stimulation in these patients.
The results obtained with control subjects in the present study are broadly comparable with those of Walsh et al. 7 who used an amino acid solution similar to that used by us but supplemented with cornstarch. In both studies there was little gastrin release at pH 2 5 in normal subjects. and at 5 5 the gastrin response was 30-50% that to a mixed meal (homogenised steak was instilled intragastrically by Walsh et al, compared with eggs and meat extract taken in the normal way in the present study). In an unselected group of duodenal ulcer patients studied by Walsh et al there was significant secretion of gastrin at pH 2 5,7 and in the G-cell hyperfunction patients studied here there was again significant secretion of gastrin at this pH. There were. however, differences in the degree of inhibition of gastrin release at pH 2 5 compared with 5 5, in the two groups of ulcer patients. Thus in the ulcer patients studied previously there was only about 30% inhibition of gastrin release at pH 2 5 compared with 55,7 whereas in the present study there was about 70% inhibition of gastrin release at 2 5 compared with 5 5. The latter is similar to that reported for normal subjects.7 Evidently, then, in the selected group of ulcer patients used in the present study the inhibitory effects of acid on gastrin release were much better developed than in the duodenal ulcer patients studied by Walsh et al.
Moreover, the results suggest that the principal defect in gastrin release in the G-cell hyperfunction patients lies not in resistance to acid inhibition, but rather in sensitivity to stimulation by amino acids. In particular, when intragastric pH was held at 5 5 (thereby eliminating acid inhibition) the mixture of amino acids used by us evoked an increase in serum gastrin in the G-cell hyperfunction patients that was comparable with the response to a standard meal, while in normal subjects the response to amino acids was only 25% of that to the meal.
The meal used by us evoked about 50% of maximal acid output at pH 2*5 in normal subjects.
As the rise in gastrin at this pH was not significant, it seems that non-gastrin mediated pathways are likely to be involved. In the ulcer group the acid response at pH 2 5 was near maximal. This might be because of enhanced activity of the non-gastrin mediated mechanisms of acid stimulation, but circulating gastrin could also make a significant contribution to this acid response. 
